When chromatin prepared from WI-L2 lymphocytes by low salt extraction and shearing is centrifuged on a glycerol gradient, one area of the gradient yields chromatin enriched in template activity for Escherichia coli DNA-dependent RNA polymerase (EC 2.7.7.6; nucleosidetriphosphate:RNA nucleotidyltransferase) as compared to Saccharomyces cerevisiae RNA polymerase II (or B). Another area yields chromatin preferred by the eukaryotic enzyme. Kinetic studies indicate that the differences in activity cannot be explained by differences in affinity of the enzymes for the various templates. The DNA isolated from either fraction has a molecular weight of 8.5 X 106. The "yeast active" fraction seems enriched in proteins. Mixing experiments indicate that the yeast enzyme does not alter the template in such a way as to improve it for the bacterial enzyme.
Since Allfrey and Mirsky first observed that the nuclear material of interphase cells seemed to exist in two forms, compact ("heterochromatin") and extended ("euchromatin"), experiments have been devised to determine the functional difference between these two forms. Methods of separation have ranged from gel filtration (1) through sedimentation (2, 3) to chromatography on ion exchange cellulose (4) . The general result is that the extended form is a much better template for transcription than is the compact form, an observation made early by Frenster et al. (2) .
Many of the tests of template activity using exogenous RNA polymerase have used a bacterial enzyme, since such enzymes are conveniently obtained and well characterized. However, there are marked differences in properties between prokaryotic and eukaryotic RNA polymerases, such as divalent metal ion requirements, salt optima, and preference for native or denatured DNA. Since the regulation of transcription must require complex interactions between RNA polymerase and its template, we investigated the template activity of lymphocyte chromatin fractionated on a glycerol gradient with Escherichia coli RNA polymerase (EC 2.7.7.6; nucleosidetriphosphate:RNA nucleotidyltransferase), and Saccharomyces cerevisiae RNA polymerases I and II. We present evidence here that it is possible to separate a fraction preferred by the eukaryotic RNA polymerase II as template from one which is active with both the bacterial enzyme and RNA polymerases I and II. The polymerase II-template-active fraction has little or no activity as template for the latter two enzymes. The two fractions differ in a number of physical properties. Such a result is predicted by previous reports that RNA polymerase II and E. coli RNA polymerase bind at different sites (5, 6) .
MATERIALS AND METHODS
Cell Lines. WI-L2 is a near diploid human lymphocyte line from the Wistar Institute. It was grown to 106 cells per ml in spinner culture in RPMI 1640 medium and harvested. Chromatin was isolated as described below.
The yeast strain used was AP1, a diploid auxotrophic for adenine. Growth of the cells on vegetative medium has been described (7) .
Enzymes. The DNA-dependent RNA polymerases I and II from yeast were separated according to the slightly modified method of Adman et al. (8) or that of Dezelee and Sentenac (9) . In the two cases the results for transcription were the same, so "yeast RNA polymerase" will refer to enzyme prepared by either of these methods.
The DNA-dependent RNA polymerases I and II from mouse lymphocytes were purified by the method of Schwartz et al. through the DEAE-Sephadex step (10) .
The E. coli RNA polymerase (holoenzyme) was purchased from Miles Laboratories.
Isolation and Fractionation of Chromatin. The chromatin was isolated from WI-L2, following a modification of the method of Bonner et al. (11) . Phenylmethylsulfonylfluoride was added to the saline EDTA buffer and the lymphocytes were lysed in 0.5% Nonidet P-40. The nuclei were lysed in 50 mM Tris-HCl, pH 8.0, and the pellet was washed once with 50 mM and twice with 10 mM Tris-HCl, pH 8.0. The pellet was resuspended in the latter buffer and sheared for 90 sec at 20,000 rpm in a Virtis 60 homogenizer. The solution was centrifuged after 15 min at 12,000 X g and the pellet discarded. The supernatant had the spectral characteristics of chromatin as described by Bonner et (13) . The ratio A260/A28o of the sheared chromatin solution was always around 1.7. In Vitro Transcription of Chromatin. The reaction mixture for the transcription with E. coli polymerase (0.12 ml) contained 50 mM Tris-HCl (pH 8), 1 
RESULTS
Transcription of Fractionated Chromatin. The absorbance profile of the chromatin after sedimentation in a glycerol gradient is shown in Fig. 1 . The chromatin is distributed in two peaks as previously described (2, 3) . The material in one of these peaks does not direct any transcription, while that in the other one corresponds to the template active part of the chromatin. The material in these two peaks could be referred to as "hetero-" and "euchromatin" (2) . The active part of the chromatin can be further divided into two regions: one is highly active for transcription by E. coli polymerase, the other one is a much better template for the eukaryotic RNA polymerase II than for the E. coli RNA polymerase. Yeast RNA polymerase II or the RNA polymerase II from mouse cells gives identical results.
Kinetics of Chromatin-Directed RNA Synthesis by RNA Polymerase. Due to the large variation in template concentration along the gradient, it was difficult to draw a parallel between the activity of the different polymerases on different fractions. We therefore looked at the activity of the two polymerases as a function of template concentration for each of the fractions. It is obvious from Fig. 2 that the eukaryotic RNA polymerase is intrinsically less active on the "coli" fraction-and vice versa. These results indicate that not only is a difference of activity between the RNA polymerase II and the E. coil polymerase on the fractions evident, but also that each of these polymerases is relatively specific for one of the two fractions. Sie CsCl (Fig. 3) . The DNA in each fraction is fairly homogeneous and has an average molecular mass of 8. zyme preparation contained some factor, such as a nuclease or protease, which altered the chromatin and rendered it more accessible to transcription. To test this hypothesis, we incubated the fractions from the active area of the gradient with yeast and bacterial polymerase together. The reaction was run in the presence and absence of a-amanitin, a specific inhibitor of RNA polymerase II. As Fig. 6 shows, the E. coli enzyme had no more activity on the yeast fraction in the presence of the yeast enzyme than it did alone. We therefore conclude that the property of the yeast enzyme that allows it to transcribe that fraction does not involve permanent alteration of the template, or that if such alteration occurs, the template is no longer available to exogenous enzyme.
DISCUSSION
The fact that chromatin can be fractionated into two regions, active and inactive relative to transcription, has been observed by several investigators, using various physical techniques (1-4). Nevertheless, there was no evidence for separation of the chromatin into fractions preferred by different DNA-dependent RNA polymerases, although Meilhac and Chambon (5) and Cedar (6) have adduced evidence that the two sorts of polymerase bind at different sites.
However we have been able to separate, in the slowly sedimenting part of a glycerol gradient of chromatin, two fractions whose properties for supporting transcription by the E. coli RNA polymerase and the yeast RNA polymerase II are different.
A number of questions arises from such a result; these questions can be classified into three groups.
(i) Could the phenomenon observed be derived from an artifact at the level of the chromatin purification?
(ii) What are the differences between the two fractions that enable them to be separated and cause them to be different in template activity? (iii) Is this phenomenon limited to the two polymerases studied, that is to say, the E. coli polymerase and the yeast polymerase II, or is it a general difference between eukaryotic and prokaryotic RNA polymerases?
The most likely artifacts of preparation would be either dissociation and reassociation of proteins during the purification, so that the fractions isolated do not reflect the "native state" of chromatin, or an enrichment of either nicked DNA or fractions high in denatured DNA at the top of the gradient.
Our chromatin purification includes in its final step mechanical shearing. It has been argued (15) that such a treatment disturbs the "native" structure of the chromatin. Noll et al. were unable to find discrete populations of DNA on a polyacrylamide gel after nuclease digestion of such a preparation; they concluded that the breakage of the chromatin was nonspecific, and that there was a rearrangement of proteins during the preparation of the chromatin. Sollner-Webb and Felsenfeld (16) and Axel (17) have confirmed this result, but argue that transcription of the globin genes is not affected by whatever changes are introduced by shearing. Although our mechanical treatment of the chromatin was quite gentle and the size of the DNA in the active part of the glycerol gradient was large, around 8.5 X 106 daltons and fairly homogeneous, the argument that the structure of the chromatin was disrupted during the purification cannot be excluded. However, preliminary experiments indicate that chromatin prepared according to Noll can also be separated into analogous fractions.
The lack of template activity for bacterial polymerase is evidence against naked DNA in the yeast active fraction. Denatured DNA is much harder to rule out, but the evidence against it is the failure of the E. coli RNA polymerase to use the yeast active fraction even at concentrations (measured in DNA) 10 times the normal saturation level (Fig. 2) . Since the bacterial enzyme is equally effective on native or denatured DNA, the hypothesis that the latter accounts for the yeast activity seems unlikely.
If our results are due to artifacts of preparation, they would indicate that we are not separating two "native" parts of the chromatin which "in vivo" have different transcriptional properties. Our findings would be artifactual in the sense that we would have displaced some elements of the chromatin. However, such an element of the chromatin, independent of its location on DNA, would be responsible for activating the template properties (for the RNA polymerase II) of the part of the DNA on which it sticks. If such an element exists, it constitutes an important observation. We must therefore examine the second set of questions involved in our findings.
The two active fractions show a difference in their sedimentation properties. This difference can be attributed to a difference in the size of the DNA, a difference of conformation, or a difference in the protein content. [A difference in aggregation properties, as suggested by Doenecke et al. (18) , must reflect a difference in proteins.]
The first hypothesis can be ruled out by the results of the measurement of size of the DNA present in two active fractions. We can see (Fig. 3) that the size of the DNA in the two differentially active fractions is the same. We are left then with a difference in the conformation or in the protein content of these two fractions. Such a difference clearly exists, given the spectra of the different chromatin fractions and the labeling results. Furthermore, this difference is also demonstrated in the variation of the ratio A2o/A260 along these gradients.
It is striking that this ratio, representative of the ratio of protein to DNA, is lower in the E. coli RNA polymerase active fraction and much greater in the RNA polymerase II fraction than in the whole chromatin. It seems possible that the difference of activity between the two polymerases is related to this difference. The E. coli polymerase may transcribe a naked part of native DNA precisely because of the absence of a blocking protein, while the presence of proteins that allow the RNA polymerase II to transcribe more efficiently the DNA may account for the "yeast active" fraction.
Two mechanisms could explain this last assumption. A protein may block the binding of the E. coli polymerase, this blockage being bypassed by the RNA polymerase II, or an unwinding protein might keep the DNA in a single-stranded structure, in which case the RNA polymerase II would have more activity than the E. coli polymerase. The possibility of such a protein in chromatin has been suggested (20, 21) . We prefer the first possibility, since the prokaryotic RNA polymerase should be able to transcribe denatured DNA with relatively high efficiency.
Whatever the reason for the difference of transcription, is this phenomenon limited to the yeast enzyme or is it a more general property of transcription of the chromatin characteristic of the prokaryotic and the eukaryotic polymerases? To answer this question we assayed the chromatin (after separation on a glycerol gradient) with a mouse lymphocyte RNA polymerase. Some preliminary results indicate that the profile of activity for the mouse polymerase II is the same as the profile of activity for the yeast enzyme, suggesting that the observed phenomenon is common to the eukaryotic polymerases. Futhermore yeast RNA polymerase I transcribes the chromatin in the same region as the E. coli enzyme. These findings suggest that the proteins associated with the DNA in the RNA polymerase II active fraction of the chromatin may play a role in the regulation of gene expression, since the RNA polymerase II is responsible for the transcription of the heterogeneous nuclear RNA, the precursor of mRNA (22) .
